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CLAIMS 



1- A P ie ^*c^ 

^-^^ofarect^^ 
5 aye. of p^lecttic tnaterial bavin* te ^ second ^ 

oftheotherandhavetiieirfecesuiacesboudedtogethen 
electrodes on surfeces of flie layers; 

10 body; JT*** ^ l0Cal6d " ~ ° r m ° rd SUrfSCCS ° f «■* *e 

vibra™^^? 31 P0W6f SUPPly e1eCtr ° dCS » «*» ~- *i ^ 

viator and thereby in the contact region that impart motion to the body- 

wherein at gome 0 f the Strode, are electable to excite Averse vibrations in 
*e vibrator, winch tmn««e vibration are vibrations parallel to ^ OT , 0r more of ^ 
15 layers on which the contact region is situated. 

2. Apie 2 « 

are short edge surfaces of the layers, 

^& l^J^TT 6 micromotor r ording t0 olaim 1 or claim 2 - d * — 

■O resistant element atuated at the contacted for contact with the body, 

Lr ^ T rdin£ t0 ^ ° f Prcc ^ <*« coding 

25 ^^toescitee^^^ 

5- A piezoelectric xnicromoto^^to any of the ceding claims comprising- 
a angle large electrode on4 Wfi face surface of each layer; and 

SO oleetrol 0 " ~" "*» of ~* ^- wherein the quadrant 

30 electrocesarearrangedinacl^^ 

X 

A piezoelectric nucrc^oW according to any of claims 1-3, comprising- 
a single large electrode oAa first fe» surface of each layer; and 
a .ingle largo electrode onlhe second face surface of at lea* one bat not all layers; 
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four quadrant electrodes on W second face surface of at least one layer, wherein the 
quadrant electrodes are arranged in a checkerboard pattern 

7. A piezoelectric micromotor according to claim 5 wherein at least two non-contiguous 
face surfaces have quadrant electrodes. 



8. A piezoelectric micromoto: 
electrifies all quadrant electrodes 
with a same AC voltage so as to 
contact surface wherein, lorigitudin 
on which the contact region is situat^ 




wdlng to claim 5 wherein the at least one power supply 
scond face surface of at least one but not all the layers 
longitudinal vibrations in the vibrator and thereby in the 
rations are vibrations parallel to the edges of the layers 



9. A piezoelectric micromotor according t^la^wherein the power supply electrifies a 
large electrode on the second face surface Of Wife one layer with an AC voltage to excite 
15 longitudinal vibrations in the vibrator and thijfi m the contact region wherein longitudinal 
vibrations are vibrations parallel to the edge^ofW layers on which file contact region is 
situated. | 

10- A piezoelectric micrcrmotokaccording to claim 8 or claim 9 wherein for at least one 
<2Jk layer the at least one power suppll electrifies a first pair of diagonally disposed quadrant 
]kJ electrodes with a first AC voltage aid a second pair of quadrant electrodes along a second 
Agonal with a second AC voltage anfl wherein the first and second AC voltages are 180° out 
of phase and have a same magnitude, )o as to excite transverse vibrations in the piezoelectric 
vibrator. 

25 

11. A piezoelectric motor according to claim 10 wherein the at least one layer comprises a 
plurality of layers and wherein homologous electrodes on different layers of the plurality of 
layers are electrified with the same voltage. 

VJflf 12. A pieaoslectric motor Wording to claim 10 or claim 11 wherein the at least one power 
^ source controls magnitades W AC voltages used to excite ' longitudinal and transverse 
^vibrations to selectively provide different forms and amplitudes of vibratory motion of the 
contact region in a plane paxalleito the planes of the layers. 
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13. A piezoelectric motor accLding to any of claims 10-12 wherein the at least one power 
source control, phases of AC vo tages used to excite longitude and transverse vibrations to 
selectively provide differs* fonn| of vibratory nation 0 f the contact region in a plane parallel 
to the planes of the layers. 

14. A piezoelectric motor accotdmg to any of claims 10-13 wherein the at least one power 
source controls frequencies, of AC ^oltages used to excite longitudinal and transverse vibrations 
to selectively provide different ibrps of vibratory motion of the contact xegioa in a plane 
parallel to the planes of the layers. f 

15. A piezoelectric micromotor Lording to any of claims 8-14 wherein for at least one 
layer the at least one power supply elJctrines afirstpair of electrodes along a first short edge of 
the layer and a second pair of quadrLt electrodes along a second short edge with first and 
second AC voltages respectively that k 180° out of phase and have a same magnitude, so a 5 
to «*» bending vibrations perpendiWar to the planes of the layers in the pie^electric 
vibrator. 1 
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16. A piezoelectric motor according to claim 15 wherein the at least one layer comprises a 
plurality of layers. 

17. A piezoelectric motor according to claim 16 wherein homologous electrode, on layers 
located on a same side of a face surface inside me vibrator are electrified in phase and 
homologous electrodes on layers located on opposite sides of the face surface are electrified 
180° out of phase. 



18. 



A piezoelectric moto| according to claim 15 or claim 17 wherein me at least one power 
source controls magnitudes |f AC voltages use4 to excite longitudinal and bending vibrations 
to selectively provide differekl forms and arnplitudes of vibratory motion of the contact region 
in a plane perpendicular to th& planes of the layers. 



19. 



A piezoelectric motor Lccording to any of claims 15-18 wherein the at least one power 



source controls phases of AC 
selectively provide different 



perpendioular to the planes of tie layers. 



voltages used to excite longitudinal and betiding vibmions to 
bnas of vibratory motion of the contact region in a plane 
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20. A piezoelectric motor aco 
source controls frequencies of AC| 
to selectively provide different 
parallel to the planes of the layers, 



rding to my of claims 15-19 wherein the at least one power 
voltages used to excite longitudinal and transverse vibrations 
of vibtatoty motion of the contact region in a plane 



forms 



21. A piezoelectric micromotorlaccording to any of claims 5-20 wherein, for at least one 
layer, the at least one power supply llectrifies a pair of quadrant electrodes that lie along a first 
diagonal of tie layer with an AC vlltage while a pair of quadrant electrodes along a second 
diagonal of the layer are groped |r floating, in order to excite elliptical vibrations m the 
vibrator. 

22. A piezoelectric micromotor according to claim 21 wherein the at least one layer 
comprises a plurality of layers and wherein homologous electrodes are electrified with the 
same AC voltage. 

23. A pie^electric motor according to claim 21 or claim 22 wherein the at least one power 
supply controls the frequency oflhe AC voltage to selectively control the eccentricity of the 
elliptical motion. 



24. A piezoelectric micromotor acLrding to any of the preceding claims and comprising at 
least one relatively thm l ayer of no Woelectric material having large rectangular face 
surfaces defined by long and short edgei^d relatively narrow long and short edge surfaces. 

25. A piezoelectric micromotor accordbg to claim 24 wherein the one of the edges of the at 
least one non-piezoelectric layer are substantially equal in length to one of the corresponding 
edges of the piezoelectric layers. 

26. A piezoelectric motor according to claim 25 wherein the one edge is a short edge. 

27. A piezoelectric micromotor according to claim 25 or claim 26 wherein the other edges 
of ihe at W one non-pie^eleckc layer » slightly longer than the corresponding other edges 
of the piezoelectric layers so tfak at least one edge surface of the non-piezoelecfric layer 
protrudes from the piezoelectric lalers. 
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wherein «t least one short edge sad** of fl» „ • t • ^ S 
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29. A piezoelectric mioomitor according to claim 27 «r • ™ ▼ 

30. A piezoelectric nucxomotol according to any of claims 25-29 ^ein a t W 
non-piezoelectric Iayeris formed frL a metal * 

supply « S enable of dectnfyillg ai^^ P 
32 A mated for a^^g „ a 

to ete to ^ fom , aam ^ to ^ puaae 

33. A msftod to ^ 32 whereiB 

which are different fiom said to electrodes. ° f 
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M. A method tt cIsjm 32 — ^ ta ^ . 

- e^ted by eiectri^ « ]raa 0M fiEt ohcttode m ^ iMaMt 
and wteem SKOod fa ^ fct ^ sscon4 ^ ^ 

the Jond .too™ ta mttmmy . 1SOO phaac fc ^ ^ 



36. 



efccfcode to eause of ^ fa ^ ^ 

^ * «" « *— ■ *" *-»* and « tat rae »^LJL 



37. A method according to date 3S wherein for decelerating body. gradnaUy changing 
*. n*. con^ea elects ^ „ of ^ jt laas£ m fe£ ^ ^ etectroto ^ 

«, ehan^g to Iaao oo^^ mMly o,^^ of ^ oto 

first mi second electa^ to cancel vibrations m to second dfecfca. 

38. A raefcod aooordingtoU of claims 33 - 37 wherein the piezodecic motoI 
- M « pusoeiecMc iayerW wherein *e n» and ^ eIectmdes ^ on 
layer.. % 



layer. 

39, 



39 A meaod wording to any o^cUim, 33 - 37 where* thepiezoacctric motor conges 
" la3 ™ T 8 * —o*. are on different 



40 _ A method according ,o claim 32 wherein vibrato* m the first .Jirection are «ci,ed by 
ap^ng a voltage to me piesodeeMc motor ^ a fir,, fi^cy ra^ge and where" 
itata. , 4e second direct are eseited by applying a voltage to 4. p^ecmc motor 
wrtnm a seoond frequency smge which partially overlaps the first ireonency range. 

4. rat. eotnpnaea comprises applytag a voltage a. a fiso.nency at which vibrations ta 
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fluency at wluch Mb vrtratk™ a the fist and second vibrations are racited . 
which, vibrstioiis m substantially only the first direction are excited. 

ft \ 
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